Under the background that environmental tax has increasingly become the main means of environmental governance in various countries, it is particularly important to study the effect of environmental tax on reducing pollutants and then put forward suggestions for building a scientific and rational environmental tax system. The novelty of this paper is the investigation of the pollutant emission reduction effects of environmental taxes in Organization for Economic Cooperation and Development (OECD) countries and Chinese provinces at the same time, and further comparison of the pollutant emission reduction effects of environmental taxes in OECD and China under different environmental tax collection scales, industrial added value levels, and economic development conditions based on Auto-Regressive Distributed Lag Modelling Approach (ARDL). The data are derived from environmental taxes and pollutants of OECD countries from 1994 to 2016 and Chinese provinces from 2004 to 2016. The results show that from the overall regression results, environmental taxes really help to reduce pollutant emissions, both in OECD countries and China. From the grouping regression results, the OECD countries and Chinese inland provinces with small-scale or medium-level of environmental tax revenue and higher level of economic growth all show better emission reduction effects, while OECD countries with low industrial added value and Chinese inland provinces with high industrial added value have more significant effects on pollutant emission reduction via environmental taxes.
Introduction
After World War II, the rapid development of the world economy produced many environmental problems [1] [2] [3] [4] [5] . CO 2 emissions in resource-related manufacturing showed an increasing trend due to the extensive production structure [6] , which means it is of great importance not only to improve energy consumption efficiency further and promote sustainable energy transformation [7] , but also to pay attention to the adjustment of the economic development model to avoid shifting to a higher energy consumption level [8] . Specific approaches may include a sustainability transformation, which would require changing far more than patterns of energy supply and use [9] , and the improvement of the pace of transformation from secondary industries to tertiary industries [8] . Moreover, promoting the principles of a circular economy and the new business models advocated by the circular economy can represent a solution that is less dependent on primary energy resources and more environmentally friendly [10] . Put forward the "polluter pays" principle, which requires polluters to bear the cost of pollution and internalize the external cost.
OECD countries
In the 1980s
Adopted taxes on pollution, products, and energy to protect the environment and guide people's consumption behavior.
After the 1990
Began to implement green tax reforms and use economic tools to change energy consumption behavior.
In the mid-1990s
The environmental tax policy has evolved from a fragmented tax system, levied only for individual environmental taxes, to gradually form a sound environmental tax system.
Early 21st century
In addition to imposing environmental taxes on a wider range of products or activities, the existing taxes will also be adjusted to achieve the goal of a comprehensive "green" tax system.
At present
Environmental tax system has been generally established, which has become the main means of environmental policy in many countries.
China
In August 1973
Formulated "Several Provisions on the Protection and Improvement of the Environment (Draft Trial Implementation)"
In 1979
Environmental Protection Law of the People's Republic of China (for trial implementation) was promulgated and implemented.
In the 1980s Implemented a tax reform and began to collect taxes related to environmental protection.
In 2014
Put forward the content of tax system reform of "Promoting the reform of consumption tax and resource tax, doing a good job of legislation related to real estate tax and environmental protection tax".
On 1 January 2018
Introduced the environmental tax, which has become the 18th tax category in China, providing more solid legal and economic guarantees for environmental protection and governance.
This paper collects data concerning 35 OECD countries for the period between 1994 and 2016, as well as 31 Chinese provinces for the period from 2004 to 2016, measuring the difference in pollutant emission reduction effects between OECD and China's environmental taxes under overall and different conditions based on the green dividends of environmental taxes. Some OECD countries levied environmental taxes earlier, and China is a developing country with large emissions of pollutants. This paper studies the effect of environmental taxes in the OECD and China on pollutant emission reduction, and provides suggestions to further improve the environmental tax system, ultimately achieving the goal of global emission reduction. There are three major contributions of this paper. Firstly, this paper enriches the research methods of existing literature. The Auto-Regressive Distributed Lag Modelling Approach (ARDL) selected for the model overcomes the endogeneity problem, while breaking through the limitations of the same order and single integer; the lag period used in data processing is more consistent with the hysteresis effect of environmental tax emission reduction effect. Secondly, this paper expands the research perspective of an environmental tax green dividend. The existing literature mainly focuses on carbon taxes and carbon dioxide. This paper takes the OECD total environmental protection tax revenue and Chinese quasi-environmental tax revenue as the main research object, and extends pollutants to sulfur oxides, nitrogen oxides, industrial solid waste, and common indicators of wastewater pollution. Thirdly, this paper enriches the international comparative literature on the effect of environmental tax reduction. On the one hand, the existing literature on international comparison of environmental taxes mainly compares the differences in environmental taxation systems between different countries, and there is very little literature on quantitative analysis of environmental tax reduction effects and international differences. On the other hand, this paper further examines the heterogeneity of emission reduction effects of environmental taxes in OECD countries and provinces in China under different groups, providing relevant data support for the formulation of national and regional differential environmental taxes. Therefore, this study makes up for the existing literature.
The paper is organized as follows. Section 2 presents a literature review and puts forward the research hypothesis. Section 3 defines the variables and presents the research model. Section 4 presents the empirical results and analysis. In Section 5, the robustness test is presented. The last section is conclusions.
Literature Review and Hypothesis

Literature Review
In addition to some literature confirming the effect of an environmental tax on pollutant reduction [21] [22] [23] [24] , there is also some literature concerning the positive effects of environmental tax rates and specific environmental taxes on emission reduction. Rapanos et al. confirmed that an environmental tax in Greece would curb carbon dioxide emissions when the tax rate reached the highest level in the European Union [32] . Mardones et al. also pointed out that a high-tax-rate environmental tax would curb the carbon dioxide emissions of some Latin American countries [33] . Allan et al. proved that by imposing a tax of £50 per ton of CO2, this would meet the 37% CO 2 reduction target in Scotland [34] . Zhou et al. found that the appropriate carbon tax rates among different transport sectors and different energy categories are different in China [35] . The research on the emission reduction effect of specific taxes mainly focuses on carbon taxes and energy taxes. Siriwardena et al. proved that carbon taxes in Sri Lanka in the electricity sector cause a visible reduction [36] . Orlov et al. found in their study that carbon tax can reduce greenhouse gas emissions in Russia's macroeconomic sector [37] . Vera et al. agreed that carbon tax passed by the Chilean government will produce an expected annual reduction in CO2 emissions of 1% with respect to the estimated baseline during 2014-2024 [38] . The same conclusion made by Justin et al. also found that carbon tax effectively reduces carbon dioxide abatement costs and improves energy efficiency in the U.S. power sector [39] . Regarding an energy tax, Sancho acknowledged the elasticity of energy tax policies that would generate the highest reduction in carbon dioxide emissions is the substitution elasticity among energy goods [40] . Tang et al. also agreed that the total carbon emissions and other main air pollutants would be significantly mitigated in the coal resource tax reform of China, which can effectively improve the environment and guarantee the achievement of China's promise of carbon emissions reduction [41] . Similarly, Peng et al. concluded that the energy excise tax is beneficial for energy saving, and also confirmed that when the energy tax revenue is used to compensate for welfare losses, a double dividend effect of the energy excise tax will be achieved [42] . Regarding the partial affirmation or negative attitude toward the effect of an environmental tax on emission reduction, the main research objects are concentrated in a single country or in the European Union and OECD as a whole [25] [26] [27] [28] [29] [30] [31] . In questioning the effect of specific environmental taxes on emission reduction, Lee et al. found that Japanese carbon tax reform had only a small impact on emission levels by using a global macro-econometric model [43] . Fu et al. also proved that a vehicle registration tax (VRT) as well as motor taxation exhibited little impact on carbon emissions alone. Further research found that the greatest CO 2 reductions are achieved through a combined policy package of fuel tax and VRT and motor tax changes [44] . Yi et al. pointed out the fact that carbon tax policy does not always exert positive effects, as it depends on the initial level of pollution and the level of carbon tax [45] .
Further literature review revealed that there are some comparative literature studies on the effect of environmental tax emission reduction. In terms of country comparisons, Radulescu et al. concluded that the environmental taxes of both Romania and the European Union have good performance in environmental protection [46] . He et al. explored the relationship between environmental tax, environmental performance, and economic development in China and Sweden, and then pointed out that governments should reform public relative environmental tax policy, especially regarding carbon taxes [47] . In terms of specific environmental taxes, Chen et al. pointed out the energy saving and emission reduction effects of the carbon tax surpasses that of the energy tax in Guangdong, China. [48] . Freire-Gonzalez et al. found that only taxing the production of electricity by coal, oil, and natural gas can be better for the environment and economy than taxing all forms of electricity production in a revenue-neutral context though a dynamic computable general equilibrium model for Spain [49] . Besides, a few literature studies focused on the analysis of differences in the international environmental tax system and put forward some useful experience for environmental tax reform. Zhang et al. advised that carbon tax should be combined with domestic and foreign environmental protection tools on the basis of acknowledging the role of carbon tax in reducing emissions [50] . Wang et al. made a case study of Hebei Province in China, which provides empirical data for environmental tax reform [51] . In the same year, Zhang et al. pointed out that integrated policy mixes can perform better than carbon tax alone and proposed several suggestions regarding how to design China's carbon tax [52] .
Research Hypothesis
An environmental tax is an economic means of internalizing environmental costs of environmental pollution and ecological destruction into production costs and market prices, and then distributing environmental resources through market mechanisms. Generally speaking, the environmental tax can be subdivided according to whether the object of taxation is a direct pollutant or a product that may cause pollution. The former includes carbon taxes, sulphur taxes, sewage treatment taxes, and garbage taxes. The latter is mainly for high-polluting and high-energy-consuming products, such as coal, petroleum, automobiles, and so on. The environmental tax under different divisions aims at energy saving and emission reduction, and follows the principle of "polluter pays". Welfare economists believe that the difference between the environmental pollution "pollution correction benefit" and the implementation cost "basic welfare loss" is the net environmental benefit, which can be called the "basic welfare effect"; that is, the environmental tax "green dividend". In reality, the positive incentive mechanism of an environmental tax is conducive to playing its guiding role in pollution reduction. Compared with other means and policies of environmental governance, the path of an environmental tax to achieving energy saving as well as emission reduction and environmental protection has its own characteristics, mainly reflected in the following three aspects, as shown in Part 1 of Figure 1 below. protection work. In addition, the government can encourage market micro-players to carry out a technological transformation, eliminate backward production capacity, adjust industrial structures, develop energy-saving and emission-reduction technologies, and purchase green environmental protection products by means of environmental tax incentives, such as tax exemption and tax return. The transmission mechanism of environmental tax to reduce pollutant emission is shown in Part 2 of Figure 1 below. Based on this, this paper proposes the following research hypotheses: Hypothesis 1. Under the same conditions, the environmental taxes of OECD member countries can effectively reduce atmospheric pollutants, such as carbon dioxide and sulfur dioxide.
Hypothesis 2.
Under the same conditions, the quasi-environmental taxes of China's provinces can effectively reduce the "three wastes" pollutants. Firstly, an environmental tax directly realizes the internalization of the external cost of the environment. Compared with general environmental regulation tools, an environmental tax directly increases the cost of production of market economy subjects and then reduces their profit margins, forcing economic subjects with high energy consumption, high emissions, and high pollution to adopt effective means to develop green production. Secondly, the environmental tax is based on the actual emission of pollutants, which is practical and operable. Some western countries implement emission rights and carbon emission trading as economic incentive environmental regulation tools based on the total amount of pollutant emissions in the future. The difficulty of operation mainly focuses on how to determine the total amount of pollutant emissions and how to control the market economy subjects that do not meet the pollution standards. The environmental tax is levied on the basis of actual sewage discharge, and it is levied on the environmental pollution behavior of most economic entities, which makes up for the deficiency of general economic incentive environmental regulation means. Thirdly, the legislation and enforcement of environmental tax are stronger and its influence is wider. Compared with the administrative means of environmental regulation, environmental taxes in most countries have established the specific content and rules of environmental tax implementation through legislative means, such as the object of tax collection, tax rate, tax reduction, and return mechanism. While realizing the standard of quantitative collection, defining the process of collection, and assessing the effect of collection, an environmental tax provides strong legal support for the relevant government administrative departments to carry out the special improvement work of environmental governance.
In addition, as an economic incentive environmental regulation tool, an environmental tax will play a greater role in promoting energy conservation and emission reduction. On the one hand, an environmental tax levied by the government internalizes the social and economic costs of environmental pollution, and reduces the marginal profit by increasing the overall production cost of the micro-subject, encouraging people to change the past mode of production and operation, carry out research and development of innovative technology for environmental protection, and develop a resource-saving economy. Reduction of polluting behavior and polluting products effectively curbs environmental degradation and promotes energy conservation and emission reduction. On the other hand, an environmental tax is levied to provide funds for subsequent environmental governance. As we all know, energy saving and emission reduction is a long-term environmental protection task with large capital demand [11, 13, 53] and high technical requirements, which requires a lot of manpower, materials, and financial resources. Developed countries, such as the United States and Australia, use environmental tax revenue to set up special environmental protection funds. Specialized for environmental taxation, an environmental tax not only realizes the scientific expenditure and effective supervision of special funds for environmental governance, but also provides strong financial support for the government's energy conservation and environmental protection work. In addition, the government can encourage market micro-players to carry out a technological transformation, eliminate backward production capacity, adjust industrial structures, develop energy-saving and emission-reduction technologies, and purchase green environmental protection products by means of environmental tax incentives, such as tax exemption and tax return. The transmission mechanism of environmental tax to reduce pollutant emission is shown in Part 2 of Figure 1 below.
Based on this, this paper proposes the following research hypotheses:
Under the same conditions, the environmental taxes of OECD member countries can effectively reduce atmospheric pollutants, such as carbon dioxide and sulfur dioxide.
Under the same conditions, the quasi-environmental taxes of China's provinces can effectively reduce the "three wastes" pollutants.
Materials and Methods
Sample Selection and Data Sources
The main research samples include: per capita environmental taxes, greenhouse gas emissions, carbon dioxide emissions, sulfur oxides, and nitrogen oxide emissions of 35 OECD member countries from 1994 to 2016; per capita quasi-environmental tax, sulfur dioxide emissions, industrial solid waste production, ammonia nitrogen emissions, and chemical oxygen demand from wastewater of 31 Chinese inland provinces from 2004 to 2016. The control variables are related to data of population, per capita crude oil consumption, per capita coal consumption, annual growth rate of GDP, and industrial added value for the two research subjects. Among them, there are 805 valid observations of OECD member countries and 403 of Chinese provinces. All of the data in this paper were obtained from the OECD database, British Petroleum(BP), and the Chinese National Bureau of Statistics database.
Variable Interpretations
Considering the availability of data, the measurement indicators of environmental tax emission reduction effect and time range selected for the two research subjects are different. However, the indicators used can reflect the main environmental problems and environmental governance priorities of the research objects, which can better measure the overall emission reduction effects of an environmental tax on each research object. In addition, due to the lack of data in Chinese provinces before 2004 and the fact that the time of collecting environment-related taxes in China is later than that in OECD countries, it is reasonable to shorten the time range of China's research. The specific explanation of each variable is shown in Table 2 .
In order to avoid the influence of variable measurement unit and order of magnitude difference on the experimental results, the logarithm or per capita number of selected variables are unified in this paper. Compared with cross-sectional data and time series data, panel data increases sample observations, which can obtain more dynamic information of the object of study, and are more suitable for multi-agent comparative analysis. 
Research Model
According to the data characteristics of the selected variables, this paper selects the panel Auto-Regressive Distributed Lag Modelling Approach (ARDL) for research, which was first introduced by Pesaran et al. [54] in 1995. The selection of relevant variables refers to the existing literature (Bruvoll et al. [25] , Nerudova et al. [27] , He et al. [31] , Rapanos et al. [32] ). The panel ARDL model does not limit the sample size, and takes full advantage of the lag period to show the long-term and short-term regression relationship between variables. Moreover, compared with the general linear regression model, panel ARDL is helpful in overcoming the endogenous problem among variables. Therefore, in order to verify the emission reduction effect of an environmental tax in OECD countries and provinces of China, and to compare the differences of emission reduction effects under different circumstances, this paper respectively establishes research Equations (1) and (2) for Hypothesis 1 and 2.
The dependent variable in Equation (1) is the logarithm of total greenhouse gas emissions (GHE_OC) of OECD countries, and the independent variable is the per capita environmental tax (ET_OC). The control variables are the logarithm of population (OP_OC), the per capita crude oil consumption (OIL_OC), per capita coal consumption (CA_OC), the annual growth rate of GDP (GDP_OC), and the ratio of industrial added value to GDP (IND_OC) of OECD member countries. In order to simplify the description of the model, with the independent variable ET_OC and control variables unchanged in Equation (1), GHE_OC is replaced by the logarithms of the total carbon dioxide emissions (CO 2 _OC), total sulfur oxide emissions (SO_OC), and total nitrogen oxide emissions (NO_OC) in turn, and then the research equations investigating the effects of OECD environmental tax reduction can be obtained one by one.
The dependent variable in Equation (2) is the logarithm of total sulfur dioxide emissions (SO 2 _CN) of Chinese provinces, the independent variable is the per capita quasi-environmental tax (ET_CN), and the control variables are the logarithm of population (OP_CN), the per capita crude oil consumption (OIL_CN), per capita coal consumption (CA_CN), the annual growth rate of GDP (GDP_CN), and the ratio of industrial added value to GDP (IND_CN) of Chinese provinces. In order to simplify the space, with the independent variable ET_CN and some control variables Equation (2) remaining unchanged, SO 2 _CN is replaced by three variables in turn: logarithm of industrial solid waste production (SW_CN), ammonia nitrogen discharge per capita (AN_CN), and chemical oxygen demand per capita (COD_CN), so as to obtain the research models for investigating the effects of environmental taxes reduction in Chinese provinces one by one. Considering that the environmental performance of an environmental tax restraining the discharge of major pollutants, such as gas pollutants, industrial solid wastes, and wastewater, may lag behind, and in order to avoid the endogenous problem of variable data, this paper will deal with the independent variables ET_OC and ET_CN with a lag period. Furthermore, considering the long-term and arduous nature of China's sewage treatment work, environmental taxes with a lag of one, two, and three phases were added to the research model to reflect the effect of environmental taxes on reducing the major pollutants of wastewater in Chinese provinces.
In Equation (1), β is the short-term autoregressive coefficient of dependent variable GHE_OC and ϕ is the short-term regression coefficient between independent variable ET_OC and GHE_OC. According to hypotheses H1, ϕ should be negative. Here, µ, γ, χ, ω, and ν are the short-term regression coefficients between the control variables and GHE_OC. For example, µ represents the short-term regression relationship between the control variable OP_OC and GHE_OC; δ 1 is the long-term autoregressive coefficient of GHE_OC and δ 2 is the long-term regression coefficient between ET_OC and GHE_OC.
According to hypotheses H1, δ 2 should be negative, too. The long-term regression coefficients between control variables and GHE_OC are δ 3 to δ 7 , respectively. For example, δ 3 represents the long-term regression relationship between control variable OP_OC and dependent variable GHE_OC.
Similarly, in Equation (2), β is the short-term autoregressive coefficient of dependent variable SO 2 _CN and ϕ is the short-term regression coefficient between independent variable ET_CN and SO 2 _CN. According to hypotheses H2, ϕ should be negative. Here, µ, γ, χ, ω, and ν are the short-term regression coefficients between the control variables and SO 2 _CN. For example, µ represents the short-term regression relationship between the control variable OP_CN and SO 2 _CN; δ 1 is the long-term autoregressive coefficient of SO 2 _CN and δ 2 is the long-term regression coefficient between ET_CN and SO 2 _CN. According to hypotheses H2, δ 2 should be negative, too. The long-term regression coefficients between control variables and SO 2 _CN are δ 3 to δ 7 , respectively. For example, δ 3 represents the long-term regression relationship between control variable OP_CN and dependent variable SO 2 _CN.
In both Equations (1) and (2), each variable is followed by two subscripts (such as i and t of GHE_OC it , as well as i and t-l of ET_OC i,t-l in Equation (1)). The first subscript represents a research object in panel data, and the second subscript represents the number of lag periods of the variable. Here, ∆ and ε ki,t (k = 1, 2, 3, . . . ) are the first order difference term and white noise term of each variable, respectively, while Log presents the logarithm of the variable. In addition, α i is the intercept term for different countries and the subscript i indicates the change from 1 to N for a particular study subject. ECT is the Error Correction Term, so δ 8 presents the error correction term coefficient. Table 3 is the descriptive statistics of the variables studied in this paper. It can be found that the average, median, maximum, and minimum values of quasi-environmental taxes in China are higher than the indicators of OECD environmental taxes, indicating the intensity of environmental taxes in Chinese provinces is stronger than in OECD countries. The standard deviation of each variable is small, which further shows that logarithm and average value can eliminate data volatility. 
Empirical Results
Descriptive Statistics
Stationarity and Co-Integration Test
To avoid regression errors, the unit root test must be performed on the panel data before the regression. This paper selects four panel unit root test methods: Levin-Lin-Chu Test (LLC), Im-Pesaran-Shin Test (IPS), Augmented Dickey-Fuller Fisher Test (ADF), and Phillips-Perron Fisher Test (PP). Table 4 shows the results of panel unit root tests for each variable. Level represents the original sequence and "Difference" is the corresponding first-order difference sequence. The original sequence and the first-order difference sequence of ET_OC, SW_CN, OIL_OC, CA_OC, CA_CN, and GDP_OC reject the original hypothesis of the unit root under the four methods, indicating that the variables are stable. The remaining variables are stable under at least one method, and the first-order difference sequences are all stable. The results of unit root tests lay a foundation for a further co-integration test. A co-integration test reflects the co-integration relationship among variables, which is used to understand the long-term dynamic relationship among variables. In this paper, three panel co-integration testing methods, Kao, Panel Phillips-Perron (PP) and Panel Augmented Dickey-Fuller (ADF), are selected. The original hypothesis for them is that there is no co-integration relationship between variables. Table 5 shows the results of panel data co-integration tests of OECD member countries and provinces of China. The Kao test statistic, the revised p value, and the ADF statistic value of the related variable groups all rejected the original hypothesis, indicating that there was a long-term co-integration relationship between variables. Tables 6 and 7 show the long-term and short-term dynamic relationships between the environmental taxes of OECD member countries, quasi-environmental taxes of Chinese provinces, and their pollutants base on the panel ARDL. Overall, the OECD and China's environmental taxes have achieved certain emission reduction effects, but the intensity of emission reduction for specific pollutants is different.
Overall Regression Results
Firstly, the emission reduction effect of an environmental tax in OECD member countries from 1994 to 2016 is analyzed, as shown in Table 6 . Since OECD member countries have set strict emission standards for solid waste, domestic garbage, and industrial and domestic wastewater, the gases emitted from production and living are currently the main sources of pollution. It is reasonable to use the gas index to measure the OECD environmental tax reduction effects. Among the four types of gas pollutants investigated, the environmental tax of the OECD has the strongest inhibition on greenhouse gases, followed by the reduction of nitrogen oxides. From the short-term emission reduction effect of OECD environmental taxes on gaseous pollutants, the regression coefficients between OECD environmental taxes and original as well as lag one phase sequences of greenhouse gases are −0.023 and −0.025, respectively, which are significant at the levels of 10% and 5%, respectively. That is, the environmental taxes increase by 1%, resulting in a significant reduction of 0.023% in greenhouse gas emissions in the current period and a decrease of 0.025% in the first lag period. There are negative correlations between OECD environmental taxes and carbon dioxide's lag one period, both for the original sequence and lag one period of sulfur oxide, but they are not significant. In addition, the short-term coefficient of the environmental tax and the original sequence of nitrogen oxides is negative and significant at the 1% level, that is, the environmental taxes increase of 1% leads to a significant reduction of nitrogen oxide emissions of 0.057% in the current period. Regarding the long-term emission reduction effect of OECD environmental taxes on gaseous pollutants, the long-term coefficients between environmental taxes and greenhouse gases, carbon dioxide is negative but not significant, indicating that the OECD environmental taxes have a certain degree of inhibition on gas emissions in the long run, but they must adhere to the environmental tax policies for a long time and continuously optimize and adjust these. Besides, there is a significant positive correlation between population size and carbon dioxide emissions in the long and short term. The annual growth rate of GDP has a significant positive correlation with greenhouse gas, carbon dioxide, and nitrogen oxide emissions at the same time, which indicates that population and economic growth are closely related to gas emissions. Next, we analyze the emission reduction effect of quasi-environmental taxes of China from 2004 to 2016, as shown in Table 7 . As a medium-and high-speed developing economy, China's environmental problems are general and diversified. The use of "three wastes" can more comprehensively measure China's quasi-environmental tax reduction effects. Overall, the environmental taxes have a significant effect on suppressing the "three wastes" in the short term, and it is necessary to further strengthen the emission reduction effect in the long run. In the short term, the regression coefficients between Chinese quasi-environmental taxes and original as well as lag one phase sequences of sulfur dioxide emissions are -0.139 and -0.108, respectively, which are both significant at the levels of 1%, respectively. That is to say, the environmental taxes increase by 1%, resulting in a significant reduction of 0.139% in sulfur dioxide emissions in the current period and a decrease of 0.108% in the first lagging period. The short-term negative correlation between environmental taxes and industrial solid waste production is also significant, which shows that environmental taxes increase by 1%, while industrial solid waste production decreases by 0.053% in the current period and 0.061% in the lagging period. The short-term emission reduction effect of China's quasi-environmental taxes on major pollutants from wastewater is different. The environmental taxes have a significantly better effect on the reduction of chemical oxygen demand in wastewater than ammonia nitrogen. The first and third lagging environmental taxes can significantly reduce chemical oxygen demand (COD) of wastewater in the present and the first lag period. Specifically, the increase of 1% of the environmental taxes in the first lag period resulted in significant decreases of 0.018% and 0.017% of COD in the present and the first lag period, respectively. The increase of 1% of the environmental taxes in the third lag period resulted in significant decreases of 0.077% and 0.075% of COD in the present and the first lag period, respectively. However, the short-term regression relationship between lagging environmental taxes and ammonia nitrogen emission of wastewater is negative but not significant, while the increase of 1% of the environmental taxes in the third lag period resulted in a significant decrease of 0.006% and 0.005% of ammonia nitrogen emissions in the present and the first lag period, respectively. In the long run, the effect of Chinese quasi-environmental taxes on the emission reduction of "three wastes" pollutants is still not obvious. It is necessary to further formulate and implement long-term effective environmental policies to promote environmental performance of environmental taxes. Moreover, there is a significant positive correlation between economic growth and the production of industrial solid waste, ammonia nitrogen emissions, as well as chemical oxygen demand from wastewater in the long and short term, indicating that economic growth is closely related to the discharge of "three wastes" pollutants, so it is necessary to pay attention to environmental issues in the process of national economic development. The short-term regression relationship between industrial added value and sulfur dioxide, ammonia nitrogen emissions, and chemical oxygen demand is positive, while the long-term regression relationship is significantly negative, indicating that the industrialization process will inevitably produce environmental pollution problems, but with the adjustment of industrial structure and industrial transformation and upgrades, the environmental problems encountered in economic development will be solved one by one.
Comparing the overall emission reduction effect of OECD and Chinese environmental taxes, it is found that both have good comprehensive emission reduction effects. For similar pollutants, such as sulfur dioxide, China's environmental tax emission reduction effect is slightly better than the OECDs. In terms of the sustainability of the environmental tax reduction effect, OECD environmental taxes not only significantly reduce greenhouse gas emissions in the short term, but also have a negative correlation with air pollutants in the long term. Furthermore, on the premise of affirming the overall emission reduction effect of environmental taxes, considering that the OECD is a multi-cultural and wide-ranging economy, China is a vast country with great regional differences, are there significant differences or similarities in the emission reduction effects of environmental taxes among OECD member countries and Chinese provinces under different tax collection and management environments, industrial structures, and economic development levels? Therefore, this paper divides 35 OECD countries and 31 inland Chinese provinces into groups according to the scale of environmental tax collection, industrial added value, and economic development level to further explore the emission reduction effect of OECD and Chinese environmental taxes under different groups and the heterogeneity of the emission reduction effect of the two research objects. 
Grouping Regression Results
Scale of Environmental Tax Collection
Statistics show that OECD member countries have different standards and objects of environmental tax and fee collection. Taking the vehicle traffic tax as an example, South Korea, Australia, and other countries use the price of motor vehicles and the number of cylinders as the levy standard, while Finland, Austria, and other countries set differentiated tax rates according to the intensity of motor vehicle carbon emissions. In the specific form of tax rate, Belgium adopts a fixed tax rate based on the horsepower of motor vehicles, Poland adopts a proportional tax rate based on the purchase price of vehicles, while Denmark and Canada choose a combination of fixed and proportion based on the type of motor vehicles. There are unified laws and regulations at the national level for quasi-environmental taxes, such as resource taxes, urban land use taxes, and vehicle and shipping taxes in China, but the specific collection standards and the definition of tax objects is further refined by provinces in the formal collection and management, in combination with the actual situation of the regions. Based on the above differences, OECD member countries and China's mainland provinces have different emphases on environmental tax collection and management, as well as tax burden intensity, which may lead to differences in environmental tax emission reduction effects under different collection scales.
Taking the ratio of environmental taxes to GDP as a measure of the scale of collection, this paper examines the differences of environmental tax emission reduction effects among OECD member countries and Chinese provinces. The specific method involves averaging the annual data of the ratio of environmental tax to GDP of 35 OECD countries, as well as 31 inland provinces in China, then grouping countries and provinces according to their numerical values. In other cases, the grouping method is similar. At the same time, considering the small differences in the scale of environmental taxes and the degree of economic development among the OECD member countries, combined with the characteristics of the average of the relevant data, OECD environmental tax collection scale and economic development level are divided into two groups, with 2.5% as the boundary. Tables 8 and 9 show the emission reduction effects of environmental taxes in OECD countries and Chinese provinces under different collection scales. Firstly, the grouping situations of OECD member countries are analyzed, as shown in Table 8 . In the short-term, OECD member countries with smaller scale of environmental taxes revenues have better emission reduction effects, showing a significant short-term negative correlation between environmental taxes and greenhouse gas, sulfur oxide, and nitrogen oxide emissions. Taking greenhouse gas as an example, in the short term, the environmental taxes in countries with smaller tax scales increased by 1%, while the greenhouse gas emissions decreased significantly by 0.055% in the current period and 0.063% in the delayed period. OECD countries with larger environmental tax scales show a negative correlation with the emission of four kinds of gas pollutants, but the effect of emission reduction needs to be further strengthened. In the long run, countries with larger environmental tax scales have a certain degree of emission reduction effect on greenhouse gas and carbon dioxide emissions, while countries with smaller tax scales have not yet shown a significant long-term emission reduction effect.
Next, the grouping situations of Chinese provinces are analyzed, as shown in Table 9 . In the short-term, the quasi-environmental tax emission reduction effect of Chinese provinces with smaller and medium-level environmental tax scales is also superior to that of provinces with larger scale taxes. This shows that the emission reduction effect of sulfur dioxide, ammonia nitrogen emission, and chemical oxygen demand in wastewater is the most obvious. Taking chemical oxygen demand for example, in provinces with smaller tax revenues, the 1% increase of the environmental tax in the first lag period leads to a 0.091% decline in the current chemical oxygen demand and a 0.108% significant decline in the first lag period, while the 1% increase of the environmental tax in the third lag period respectively leads to a 0.270% decline in the current chemical oxygen demand and a 0.264% significant decline in the first lag period. However, in the long run, China's provincial quasi-environmental tax has no obvious emission reduction effect on the "three wastes" under different tax scale groupings.
Based on the above analysis, it is found that OECD member countries and China's inland administrative provinces with small or medium environmental tax scales have significant short-term emission reduction effects, while the long-term emission reduction effect needs to be further strengthened. This paper speculates that this phenomenon mainly comes from the short-term "deterrent effect" of environmental taxes, that is, as long as the environmental tax is levied, regardless of its size, it can effectively affect the emission behavior of individuals and enterprises in the short term. However, with the passage of time and the expansion of collection scales, the effect of environmental taxes on emission reduction will be weakened. This grouping regression results provide empirical data for levying environmental taxes, improving the environmental tax system, and strengthening the effective and long-term implementation of environmental taxes.
Industrial Added Value
The foggy events in London, the four major public nuisances in Japan, the smog in the Beijing-Tianjin-Hebei region, the air pollution in Shanxi, China, the global economic development show that environmental pollution problems are accompanied by economic development. As the pillar of the national economy in the process of national industrialization, the secondary industry needs to consume a large amount of oil, coal, and natural gas resources in its development process, which will inevitably produce various environmental pollutants. Therefore, it is of great practical significance to investigate the emission reduction effects of environmental taxes in countries or provinces with different levels of industrial added value. Tables 10 and 11 , respectively, show the emission reduction effects of environmental taxes in OECD countries and Chinese provinces under different levels of industrial added value. Firstly, the grouping situations of OECD countries are analyzed, as shown in Table 10 . In the short term, the emission reduction effect of environmental taxes in OECD member countries with lower industrial added value is more significant, which is negatively correlated with the emissions of four types of gas pollutants. Taking greenhouse gas as an example, the 1% increase in environmental taxes in countries with lower industrial added value brings a significant decrease of 0.050% and 0.039% of greenhouse gas emissions in the current period and the lag period, respectively. However, the environmental taxes in the middle and high industrial added value group plays a role in curbing greenhouse gas emissions to some extent, but the short-term emission reduction effect is not significant. In the long run, environmental taxes in OECD countries with low industrial added value have certain inhibitory effects on sulfur oxides, while those in countries with medium and high industrial added value have certain inhibitory effects on greenhouse gases and carbon dioxide, but the effect is not significant.
We then analyze the grouping situation of the provinces in China, as shown in Table 11 . In the short term, the environmental tax reduction effect on sulfur dioxide and industrial solid waste production in provinces with medium and high industrial added value is better than that in provinces with low industrial added value, while the reduction effect of environmental taxes on ammonia nitrogen emission and chemical oxygen demand of wastewater in provinces with low and high industrial added value is better than that in provinces with medium industrial added value. Taking sulfur dioxide emissions for example, the short-term regression coefficients between the environmental taxes of provinces with high industrial added value and the original as well as the lag phase sequences for sulfur dioxide are -0.424 and -0.255, respectively, which are significant at the confidence levels of 1% and 5%. That is to say, when the environmental tax rises by 1%, the sulfur dioxide emissions in the current period will be significantly reduced by 0.424%, and the lag phase will be significantly reduced by 0.255%. In addition, the environmental taxes for provinces with low industrial added value are beneficial in reducing sulfur dioxide emission in the short term but not conducive to reducing industrial solid waste emission. Taking the chemical oxygen demand in wastewater as an example, the first as well as the third lag periods for the environmental taxes in provinces with low and high industrial added value have significant emission reduction effects on the chemical oxygen demand in the current period and the first lag period, while the environmental taxes of the provinces with medium levels of industrial added value only shows significant emission reduction effects on the third lag period. In the long run, the environmental taxes of provinces with medium industrial added value have a certain inhibitory effect on sulfur dioxide and industrial solid waste, but the effect is not significant.
Based on the above analysis, the results of the six sets of experiments under the industrial value added group show that on the one hand, the long-term emission reduction effects of environmental taxes need to be further strengthened, which is the same problem faced by OECD member countries and Chinese provinces. On the other hand, OECD countries with low industrial added value have a relatively good effect on emission reduction via environmental taxes, while China shows that the provinces with high industrial added value have a better effect on emission reduction via environmental taxes, which is the biggest difference between them under the grouping of industrial added value. This paper speculates that the different industrialization processes for the two is the important reason for different emission reduction effects under different grouping conditions. The OECD started industrialization process early, at present, most OECD countries, such as Britain, France, the United States, and other western countries, have already completed the industrialization process, therefore the secondary industry is no longer the main economic growth point. In addition, these countries with low industrial added value have achieved good environmental performance due to their early use of economic and legal means to regulate environmental pollution in the process of economic development. China's industrialization process is relatively late, but fully draws on the experience of western developed countries. In recent years, China has actively advocated for adjusting and optimizing the industrial structure, while advocating for the transformation of the mode of economic development. China's high-industrial value-added provinces, such as Jiangsu, Zhejiang, Shandong, and other coastal economically developed regions, fully rely on the advantages of science and technology, capital, and talent in the process of industrialization, and actively promote industrial upgrades, research, and development into environmental protection technologies, thereby achieving high efficiency and green and low-carbon development.
Level of Economic Development
On the one hand, the economic foundation determines the superstructure. Environmental pollution control is a long-term effort with a huge demand for funds, which requires strong financial and material support from the state. On the other hand, environmental pollution usually gets enough attention from society when the economy is highly developed, because when the population's material life is satisfied, people will have more time and energy to invest in environmental governance, and the awareness of environmental protection will continue to improve with the process of economic development. Therefore, the discussion on the effects of environmental taxes on emission reduction at different levels of economic development can provide a useful reference for coordinating national and regional economic development to cope with environmental governance issues, and for implementing environmental protection policies according to regional development status. Tables 12 and 13 , respectively, show the emission reduction effects of environmental taxes in OECD countries and Chinese provinces at different levels of economic development. Firstly, the grouping situation of OECD countries is analyzed, as shown in Table 12 . In the short run, countries with GDP growth rates higher than 2.5% have better environmental tax emission reduction effects than those with low growth rates. Except for nitrogen oxides, the environmental taxes of OECD countries whose GDP growth rate is higher than 2.5% have a short-term negative correlation with greenhouse gas, carbon dioxide, and sulfur oxide emissions, while the environmental tax reduction effects of countries whose GDP growth rate is lower than 2.5% is not obvious. In the long run, environmental taxes in countries with GDP growth above 2.5% significantly reduce most of the gas pollutants. Taking carbon dioxide as an example, in OECD member countries with GDP growth rates higher than 2.5%, the regression coefficients between environmental taxes and the original as well as the first lag period of carbon dioxide are -0.352 and -0.323, respectively, both of which are significant at the confidence levels of 1% and 5%; that is, the 1% increase in environmental taxes brings a significant decrease of 0.352% of CO2 in the current period and 0.352% of CO 2 in the first lag period.
Next, the grouping situation of Chinese provinces is analyzed, as shown in Table 13 . In the short term, the environmental tax emission reduction effect in provinces with medium and high speed economic growth is generally better. Taking pollutants in provinces with high levels of economic growth as an example, the environmental taxes under this group significantly reduces sulfur dioxide emissions and industrial solid waste production in the current period, and shows a significant negative correlation with ammonia nitrogen emissions and chemical oxygen demand in wastewater. In the long run, the environmental taxes of the provinces with medium and high speeds of economic growth can reduce the emission of industrial solid waste to some extent.
Based on the above analysis, the results of OECD and Chinese grouping experiments in this case show that the higher the level and speed of economic development, the more effective the environmental taxes will be in reducing emissions, indirectly proving that environmental governance needs strong support from national and local finance. The ecological environment will be continuously optimized with the development of a high-level and high-quality green economy.
Robustness Test
To validate the above results, this paper changes the regression method used, that is, the Generalized Linear Model (GLM) which was introduced by Nelder et al. [55] in 1972 is applied to regress the variables in Equations (1) and (2), as shown below.
In order to stay consistent with Equations (1) and (2), the dependent variables GHE_OC and SO_OC in Equations (3) and (4) were treated by differences, respectively. To simplify the space, the GHE_OC in Equation (3) (2), in the equation with AN_CN and COD_CN as dependent variables, ET_CN was added with a lag of one, two, and three periods. In Equations (3) and (4), α 0 is a constant term, α 1 is the regression coefficient of independent variable ET_OC and dependent variable GHE_OC in Equation (3), and independent variable ET_CN and dependent variable SO 2 _CN in Equation (4), respectively. Here, α 2 to α 6 are regression coefficients of ET_OC, ET_CN, and control variables, respectively.
The results of Generalized Linear Model (GLM) validate the above regression results based on panel ARDL, which was as shown from Tables 14-18. The results obtained by the two methods show great consistency. 
Research Conclusion
Based on the "green dividend" theory of environmental taxes, this paper compares and analyzes the emission reduction effects of environmental taxes in 35 OECD countries and 31 inland provinces of China. Through the establishment of the panel ARDL model, the empirical tests found that on the whole, environmental tax policy helps to reduce pollutant emissions to a large extent, both in OECD countries and Chinese countries. Further analysis shows that, firstly, the environmental taxes have significant short-term emission reduction effects in both OECD member countries and Chinese administrative provinces with small or medium scales of environmental tax collection, while the long-term emission reduction effect needs to be further strengthened. This proves that the scale of environmental tax collection is not the decisive factor affecting the effect of environmental tax on reducing pollutants, which provides empirical data for countries and regions with serious environmental pollution wanting to levy an environmental tax. Secondly, the short-term emission reduction effects of environmental taxes in OECD countries with low industrial added value are relatively good, while in China, the emission reduction effects are better in provinces with high industrial added value. This shows that environmental taxes should be promoted in an orderly manner in the process of national industrialization. Thirdly, the environmental taxes of OECD countries and Chinese provinces with high economic growth levels have good short-term emission reduction effects, and the environmental taxes of OECD countries with high economic growth levels significantly reduce greenhouse gas and sulfur dioxide emissions in the long term. This shows that reducing pollution requires sufficient capital, while attaching importance to economic development as well as levying environmental taxes can provide financial support for environmental protection.
Research Enlightement
The implications of this article are as follows. Firstly, environmental taxes help to reduce pollutant emissions. Therefore, countries facing environmental pollution problems can realize the balance of economic development and environmental sustainability by levying environmental taxes.
Secondly, the characteristics of pollution costs internalized by environmental tax and the mechanisms of exemption and credit via environmental taxes can promote the adjustment of industrial structures and economic development modes. Environmental taxes can be used as an effective means to reduce pollutants in the process of industrialization.
Thirdly, emission reduction of pollutants requires sufficient economic resources. Government authorities can raise funds for environmental protection by introducing environmental taxes in the process of economic development.
The limitations and follow-up studies of this paper focus on the following aspects: there was no specific study on the pollutant emission reduction effects of specific OECD and Chinese environmental taxes (e.g., energy taxes, vehicle traffic taxes); the intermediary role of green investment and technological innovation in environmental tax pollutant emission reduction was not considered; further consideration should be given to the emission reduction effects of environmental taxes under different grouping conditions (e.g., the level of green investment and the intensity of environmental supervision).
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